Abstract: In Turkey, the construction sector is responsible for the largest number of work-related fatalities among all industries. This study's objective is to determine the characteristics of the fatalities in the construction sector in Kocaeli Province. The study was carried out retrospectively by investigating the records of occupational deaths between 1990 and 2001 in the Kocaeli District of Turkey. Fatal occupational injuries in the construction sector were investigated in detail by evaluating the records. The analysis was based on data from 153 deaths. The incidence of occupational injuries was found overall to be 4.5% in Kocaeli, while the annual mortality rate was 60.4 in Kocaeli and 79.0 in Turkey per 100,000 workers over the entire time period. On the other hand, the fatality rate of occupational injuries was found to be 12.0 per 1,000 in Turkey and 6.4 per 1,000 in Kocaeli. The evaluation of the type of injuries in construction sector has revealed that in 69 of cases (45.1%) fell down from high altitude, in 22 cases (14.4%) vehicle accident, and in 22 (14.4%) electrocution were the cause of death. The leading causes of death have been found to be blunt-force trauma (37.9%) and head trauma (25.5%). Fourty one percent of those who had occupational accidents have had less than one year work experience. Only in 7.8% of deaths, the cause was determined through an autopsy.
Introduction
In Turkey, occupational accidents and deaths are most important health problems of workers 1) . Approximately, 72,000 occupational accidents occur each year, and 1,000 cases end with deaths. In addition, about 90% of occupational accidents result in temporary disability, whilst 2.5-3.5% results in permanent disability 2) . The most important attributes of occupational accidents is that they are preventable. Monitoring occupational fatalities can provide a background for precautions to prevent the occurrence of serious workplace injuries.
Numerous studies have reported that construction sector is one of the sectors in which occupational accidents ended with the highest rate of mortality (12-36 per 100,000 workers) [3] [4] [5] [6] [7] [8] [9] [10] . In Turkey, construction sector is also responsible for the largest number of work-related fatalities among all industries. According to data given by the Social Insurance Institution (SII), while 11% of occupational accidents occurred in the sector related to metal product manufacturing, the construction sector was reported as accounting for 15% of occupational accidents with the highest rate of fatality 2) . In developing countries it has been suggested that there is a tendency to notify only the fatal occupational accidents 11) . This suggestion is also valid for Turkey in which, many occupational accidents are not notified and only more severe injuries requiring medical intervention are reported 12) . The official records indicate that mortality and fatality rates in occupational accidents are quite high. This could be partly due to the tendency to report only fatal accidents or this high mortality and fatality rate might be a real social problem as reported previously 13) . Although there are routine hospital records, death rates and fatality of occupational accidents in Turkey have not been studied extensively. Thus, in this study we aimed to evaluate the rate and the characteristics of fatal occupational injuries seen among construction workers of the Kocaeli Province.
Materials and Methods
The study was carried out retrospectively by investigating the records of occupational deaths between 1990 and 2001 in the Kocaeli District of Turkey. Fatal occupational injuries in the construction sector were investigated in detail by evaluating the records of the Registry Services of Occupational Injuries and Diseases at the Kocaeli District Authority of Social Insurance Institute (SII). The data from Turkey were obtained from the Annual Statistics Books of the Ministry of Labour and Social Security (MoLSS). Social Fatal injury was defined as death occurring at the job irrespective of the causes in accordance with the Turkish Labour Law. According to this law, employers are obliged to notify SII's regional office within 48 h of the occurrence of an accident. An inspector who is commissioned by MoLSS investigates and writes a report about the accident. Registries of occupational injuries include the inspector's report, medical records, medical examination of dead person, an autopsy report (if autopsy has been done), burial documents, and routine statistical information cards. The number of workers, overall number of occupational injuries and fatal occupational injuries per year and per sector were derived from the annual statistics of the Regional Office of SII in Kocaeli. All workers are notified and registered by employer to the SII which is obligatory public insurance for workers.
The study area, Kocaeli, which houses 17% of Turkish industrial firms and located at 60 km east of Istanbul is one of the biggest industrial provinces of Turkey in terms of production. The city produces 12.8% of whole Turkish industrial production 14) , despite it is the third smallest city in Turkey. In Kocaeli there are many large scaled industrial plants, and as a consequence the most of the residents are workers. In fact, nearly 15% of the population is active blue-collar workers who have social security insurance 15) . Overall 186 deaths occurred among construction workers between 1990 and 2001 in the study area. Of these, 31 workers (16.7%) who were accepted legally as "occupational deaths" were excluded from the study because they actually died at the dormitory in worksite area when the building has collapsed during the Marmara Earthquake in 1999. Additionally, two records (1.1%) were also excluded because of inadequate information. Therefore, the analysis was carried out by evaluation of the data from 153 (82.3%) deaths. In addition to socio-demographic variables such as age and marital status, work experience (month), the day of accident, type of injury, the scale of enterprise, cause of death, autopsy report were also analysed. We have also concerned with the exact time of accidents that was recorded in the registries, but the time schedule or the work shift of the worker was not recorded. Thus we were unable to figure out how long the worker had worked on that day before the accident happened.
Incidence, mortality, and fatality in the construction sector have been calculated as follows:
Incidence of occupational injury=(number of occupational injuries/total number of workers) × 100
Occupational mortality=(number of fatal injuries/total number of workers) × 100,000
Occupational fatality=(number of deaths/number of occupational injuries) × 1000
Incidence of occupational injury indicates the frequency of the injuries. Although occupational fatality and occupational mortality that both indicate the workplace safety seem similar, each of them indicates different outcomes. Occupational mortality shows the dying probability of any worker when she or he is working, while occupational fatality indicates how dangerous the job. So, fatality shows the dying probability of any worker if she or he would have an accident. While mortality is lower any sector, the fatality rate is higher because the most of accidents result death though the accident frequency is lower.
The statistical analysis was carried out using the SPSS (Statistical Package for Social Sciences) Version 10.0. The graphics were prepared in Microsoft Excel 2002.
Results
The evaluation of the records has shown that 153 construction workers died because of injuries happened at work during the years between 1990 and 2001, in Kocaeli. In construction sector, the incidence of occupational injuries was found overall to be 4.1% in Kocaeli, while the annual mortality rate was 60.4 in Kocaeli and 79.0 in Turkey per 100,000 workers over the entire time period (Table 1) . On the other hand, the fatality rate of occupational injuries was found to be 31.8 per 1,000 in Turkey and 14.8 per 1,000 in Kocaeli. We have observed that both incidence and mortality of occupational injuries have tended to decrease both in Kocaeli and overall Turkey during the dates evaluated (Figs. 1 and 2). However, we have not noticed such a tendency in fatality rates recorded either in Kocaeli or Turkey (Fig. 3) .
The age of the workers who died due to occupational injuries has also been evaluated, and as shown in Table 2 , 34.0% of these workers were at the ages of 25-34. Tragically, we found that 10 workers (6.5%) died when they were younger than 18 yr old. In addition, majority was married (71.9%) and two third was having at least one child.
The weekday on which the injury has occurred, the size of the enterprise and the overall duration of the employment of the worker were demonstrated in Table 3 . On Mondays, we demonstrated that there was a slight increase in the incidence of injuries. However, the rate of fatal occupational injuries was strikingly high at weekends, being 11.8% on Saturdays and 9.2% on Sundays. Eighty six percent of fatal occupational injuries took place immediately at the worksite before taken to a hospital. It has also been determined that 55.5% of workers having fatal occupational injuries had been working there for less than one month and 47.7% of their work places were small scaled having 1-9 workers. The most striking record we have found was that 12 workers have died at the day they started to work.
The evaluation of the type of injuries in construction sector has revealed that in 69 of cases (45.1%) fell down from high altitude, in 22 cases (14.4%) vehicle accident, and in 22 (14.4%) electrocution were the cause of death. Of vehicle accidents, heavy transportation vehicles injured 15 workers, and the rest was injured either by the shuttle for workers or by public cars or trains (Table 4) . Of 54.9% deaths have occurred at the accident area and 39.2% at the hospital. The leading causes of death have been found to be blunt-force trauma (37.9%) and head trauma (25.5%) ( Table 5) . Only in 7.8% of deaths, the cause was determined through an autopsy, which has been carried out most of the time by a forensic medicine specialist. In this study, 41% of those who had occupational accidents have had less than one year work experience. It has also been determined that 1.4% of occupational accidents and diseases results in death, 73% of which occurs suddenly.
Number of children
None 51 33.3 1 1 7 1 1.1 2 2 6 17.0 3 3 0 19.8 ≥ 4 28 18.4 Unknown 1 0.7
Discussion
According to International Labour Organization (ILO) reports, in overall industries, the risk of occupational accidents is 42 per 1,000 workers and risk of death is 8.3 per 100,000 workers 16) . In various studies, it has been demonstrated that occupational accidents in construction sector happened with the highest rate of mortality 5, [7] [8] [9] [10] . The mortality rate seen in construction sector has been reported as 12-36 per 100,000 workers 4, [17] [18] [19] . In Turkey, the SII is the main institution collecting the data of all official workers, and according to their statistical analysis the rate of occupational accidents decreased rapidly, but the fall in mortality rates did not show the same tendency 13) . In 2001, SII reported that 12% of occupational accidents and 34% of deaths occur in construction sector, which has the highest percentage among all sectors. It has also been determined that 1.4% of occupational accidents and diseases resulted in death, of which 73% was accidents 2) . Moreover, the mortality rate in the construction sector in Kocaeli area was found as 60.4 per 100,000 workers, which was quite higher than the rates reported previously in other countries. However, the incidence of occupational accidents seen in Kocaeli area was similar to ones seen in other countries. Interestingly, the mortality rate in Turkey that was found as 79 per 100,000 construction workers was even higher than that seen in Kocaeli (Table 1) . In Kocaeli, the number of small-scaled workplaces (having less than 10 workers) is lower (17.7%) than in general (27.7%) which could be a possible explanation of the difference seen in the mortality rates between Kocaeli and Turkey. Because, in smaller enterprises, safety personnel cannot be afforded and safety precautions are inadequate, thus injured workers cannot get first aid. The data recorded by SII also indicate that 38% of accidents occurred in small enterprises employing 1-3 workers, and in enterprises employing less than 50 workers the incidence of occupational accidents was 70% of all accidents. According to the legal arrangements in Turkey, the enterprises having more than 49 workers are obliged to establish workplace health unit and employ a physician who has been certified in occupational health and safety by Turkish Medical Association. This physician is responsible for determining the workplace hazards with an occupational hygienist and taking the workers' periodical medical examination. If the enterprises are small-scaled enterprises with less than 50 workers, it means that precautions about workers' health and occupational safety are naturally inadequate. Therefore we suggest that some legal arrangements should also be done for smaller enterprises to decrease the incidence of occupational accidents and mortality rate.
The descent trends of both incidence and mortality show improve the working conditions; whereas the fatality rate by the years has been stable even slightly increasing (Figs.  1-3) . The occupational incidence in Kocaeli has been continuing higher than Turkey. The presence of the largescaled industrial enterprises, which account for the most of enterprises in Kocaeli may be associated with the higher rate of notification of accidents. As a consequence, the low fatality rate (14.8 deaths per 1,000 injuries, which has been calculated by dividing the number of fatal injuries by the number of occupational injuries, has been found in Kocaeli. For this reason, we suggest that the notification of accidents were so inadequate that the occupational accident incidence in Kocaeli was found more than that in overall Turkey (Table  1) . Additionally, the mortality rate, which was calculated by dividing the number of fatal injuries to total number of workers, can be also affected by the accuracy of notification of accidents and employees and found lower both in the construction and overall industries of Kocaeli. Although the mortality rate in Kocaeli is lower than overall Turkey it is still higher than the other countries. The high mortality rates seen in Turkey might be miscalculated due to incorrect records. Because, at construction sector, workers are employed most of the time for short duration, and for this reason they are not insured to avoid premium fees. In other words, if, for some reasons, the number of workers (denominator of mortality rate formula) has been reported as less than actual, the mortality rates may be calculated higher than actual. Taken together we imply that the notification of accidents and the records of employees are more accurate in Kocaeli than overall Turkey.
To determine the effect of work experience on fatal outcome we looked for the duration of employment of the cases ended with fatality and we suggest that the duration of employment is the most important determinant of fatalities. We have shown that 56% of the workers dying in occupational accidents were in their first month of employment (Table  3) . Among those, 12 workers were found as being started to work on the day of accident occurred. In Turkey, 41% of those who had all occupational accidents have reported less than one year work experience 2) . A recent study done at the overall sectors of the same region has shown that 33% of occupational accidents ended with fatal outcome were recorded in the first month of employment 20) . This shows that work experience is much more important in construction sector than the others in terms of accidents. However, the higher rate found in construction sector could be the result of a special legal arrangement in construction industry. According to the labour laws in Turkey, employer is obliged to notify Social Security Bureau just before an employee has started to work. But in construction sector, a worker can be employed even before "the paper work" has been completed. Employers misuse this legal gap, and initiate legal insurance procedure on the day when accident has occurred. If this is the case, then it may be suggested that there are thousands of workers in construction sector working without insurance and as those are not recorded officially, incidence and mortality of accidents can not be accurate. Because the number of construction workers is not properly recorded, the rates of mortality and incidence could be underestimated related to the denominator of these formulas. In addition, majority dies in the first three months, indicating that workers are also employed in dangerous positions without concerning their work experience.
The leading cause of accidents in construction industry has been reported as the fall from height 21) . In various studies, falls have also been reported as the leading cause of deaths in 22-33% of cases 5, 19, 21, 22) . In our study, we found that the falls are the cause of deaths in 45% of cases, which is higher than what was declared before. The other leading causes of deaths are vehicle accident and electrocutions that have similar percentages with the ones reported in the other studies. It implies that although the rates of mortality changes, the leading causes of accidental deaths look like similar among the countries. Fabrega and Starkey's study reported that 31% of deaths occurred in the small size enterprises (1-9 workers) 22) . In our study, 48% of deaths occurred in enterprises having 1-9 workers. Thus we suggest that the small companies, due to lack of adequate safety, carry the high risk of both accidents and deaths.
The evaluation of types of injury has revealed that, the most important injury is blunt-force trauma (38%), which is followed by head trauma (Table 5) . In European countries, the ratio of blunt-force trauma, which is lower than our results, accounts for 30% of fatal accidents 23) . Autopsy is necessary to diagnose the exact injury type and manner of deaths, which is not the case in 92% of cases creating another important legal problem. Although Turkish Penalty Law says that autopsy is mandatory in occupational deaths, it is not possible practically to do autopsy in each case. Autopsy in occupational accidents will not only prevent legal problems, but also help for determination of the causes of fatal accidents and may help to figure out their prevention. Autopsy is especially recommended to determine the blood alcohol or drug levels which could be the cause of falls from height 24) . In the previous study, in which 70 fatal occupational injury cases were referred by a forensic medicine specialist for autopsy to the morgue at the Council of Forensic Medicine, the most frequent cause was found electrocution in 31 cases (44.3%), falls from height was seen in 14 cases (20%). Several studies have reported that alcohol was detected in the blood around 9-9.5% of deaths 25, 26) . In summary, we have shown that the construction sector is one of the most dangerous sectors in Kocaeli like all over the world, and fatality in construction sector is associated mostly with the size of the company and the duration of employment. Thus we suggest that small sized enterprises should be checked more strictly and encouraged to train their employees in terms of occupational safety. Additionally, although we have found that falling from height is the main leading cause of deaths, we suggest autopsy for each case to determine the exact reason of the death. In that way it may help for determination and establishment of precautions to decrease future occupational accidents and deaths.
